
1 Introduction
Polymeric scaffolds have been demonstrated 
to have great potential for tissue engineer-
ing, for they serve to support, reinforce, and 
in some cases organize tissue regeneration. 
Chitosan is natural polymer made of glu-
cosamine and N-acetylglucosamine units 
linked by 1–4 glycosidic bonds and has been 
proven to be biologically renewable, bio-
degradable, biocompatible, nonantigenic, 
nontoxic, and biofunctional [1]. The use of 
chitosan for tissue engineering as a scaffold 
material has been reported, and porous chi-
tosan matrix has been suggested as a poten-
tial candidate for bone regeneration due to 

its proper biological and physical properties 
[2]. Chitosan and some of its complexes 
have also been studied for use in a number 
of biomedical applications, among which 
their use as drug carriers in drug-delivery 
[3–5]. In tissue engineering, it is highly de-
sirable that macroporous chitosan scaffolds 
can be used for bone implantation and drug 
delivery. The porous structure can provide a 
scaffold for bone cells to grow in and its de-
gradability allows the drugs to be released to 
implantation sites. However, as a drug car-
rier, pure chitosan is pH sensitive, which 
makes it difficult to control the drug-release 
behaviour under various pH values of the 
internal human organs. Over-release of the 
drug may induce harmful effects on the 
 human body. Furthermore, as a scaffold, 
pure chitosan is mechanically weak and 
lacks osteo conductivity, which hinders its 
use as a bone implant.
Bioactive glass has many applications in 
bone tissue engineering because of its 
known ability to bond strongly to bone and 
promote bone growth upon in vivo implan-
tation [6]. When implanted in the body, 
bio active glass induces an interfacial bio-
active response. By contrast (in vitro) it has 

been documented that the ionic products 
from the dissolution of bioactive glass actu-
ally enhance osteoblast attachment, prolifer-
ation, differentiation and mineralization 
[7–9], as well as induce the differentiation 
of bone marrow stromal cells into mature 
extracellular producing osteoblasts [10]. 
Furthermore, the dissolution products of 
bio active glass exert control over genetic 
factors of bone growth [11]. Nevertheless, 
bioactive glass, as compared to cortical and 
cancellous bone forms, tends to have weaker 
mechanical properties, especially in porous 
form. This fact restricts the use of these ma-
terials in a wide range of applications.
Composite systems are becoming more 
popular in biomedical applications because 
of the effective combination of the desired 
properties of their constituents. From this 
perspective, inorganic bioactive glass fillers 
and biocompatible polymer matrices are 
one of the mostly developed systems for 
 orthopaedic and dental applications. These 
systems have osteoconductive and osteo-
inductive properties, as well as good me-
chanical strength of bioactive glass and high 
biocompatibility and processability of poly-
mers [12].
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Local application of antibiotic release sys-
tems is important for hard tissue engineer-
ing, because of both poor vascularity inbone 
tissue for oral or intravascular therapy and 
easiness of microbial attack in dental sites 
where it is an area open to the environment 
[13, 14].
Composite scaffolds could be used as drug-
delivery systems for the antibiotic treatment 
of osteomylitis, a common bone disease 
caused by bacterial infection of the bone 
medullary cavity, cortex, and/or periosteum 
upon implantation. These systems have the 
advantage that no second surgical procedure 
is required for implant removal. Cipro-
floxacin (1-cyclopropyl-6-fluro-1, 4-dihydro-
4-oxo-7-(1-piperazinyl)-3-quinoline carbox-
ylic acid) is a fluoroquinolone derivative, 
which is widely used in osteomyelitis be-
cause of its favourable penetration and bac-
tericidal effect on all the probable osteomy-
elitis pathogens. Ciprofloxacin acts by inhib-
iting the bacterial enzymes DNA  gyrase [15]. 
Hence the aim of this work is to prepare a 
scaffold with controlled release properties 
for water-soluble drugs; the incorporated 
Ch scaffolds with MB particles containing 
ciprofloxacin without the use of possibly 
toxic surfactants are prepared in this re-
search. The effect of MB content and the 
drug percentage on the development of 
 tailored medicated scaffolds during freeze-
drying has also been investigated. The 
chemical, morphological and release prop-
erties of ciprofloxacin loaded Ch/MB scaf-
folds are also investigated. 

2 Materials and methods
2.1 Fabrication of Ch/MB–Cip scaffolds
2.1.1 Synthesis of bioactive glass by a melting 
technique 
The 46s6 bioactive glass powder was synthe-
sized by a melting technique. The materials 
used were calcium silicate (Alfa Aesar, mo-
lecular weight = 233−250, Germany), triso-
dium  trimetaphosphate (Molecular weight = 
305.9, Sigma, Germany) and sodium meta 
silicate pentahydrate (Molecular weight = 
212.1, Sigma, Germany); the latter was heat-
ed at 200 °C / 2 h before the starting materi-
als were mixed by mechanical mixer for 1 h 
The batch was melted in an Rh-Pt crucible 
through the following firing regime [16]: 
heating to 900 °C / 1 h at a rate of 10 °C/min, 
firing at 1350 °C / 3 h at a rate of 20 °C/min. 
The melted glass was poured into a pre-
heated die at 500 °C near the glass transition 
temperature. The resulting bioactive glass 
was crushed and ground in a mechanical 
agate mortar and sieved to a grain size of 
less than 63 μm; the glass was given the code 
MB for simplicity. 

2.1.2 Composite preparation
Ch/MB-Cip composite scaffolds were pre-
pared by employing freeze-drying as dem-
onstrated in Fig. 1. Firstly, Ch (ALDRICH, 
medium molecular weight, Germany) was 
dissolved in acidified water using acetic acid 
(Analar Normapur, Molecular weight = 60.05, 
Germany) at room temperature for 3 h using 
a polymer concentration of 3 mass-%. The 
dissolved Ch was normalized by the  addition 
of a few droplets of sodium hydroxide solu-
tion until white precipitate was achieved. 
Three different concentrations of MB, 33.5, 
50 and 66.5 mass-%, were added to the Ch 
solution and continuously stirred overnight 
using a magnetic stirrer in order to break 
the MB agglomerates and ensure a better 
(homogenous) distribution of MB particles 
in the composite scaffolds. Three different 
concentrations of ciprofloxacin, 5, 10 and 
20 mass-%, were added to the above mix-
ture continue stirred for 1 h (scaffolds with 
the same composition were prepared with-
out drug loading as a control). Scaffolds 
were casted in 24 well plates and kept at 
–18 °C overnight and freeze dried for 24 h. 
Then the scaffolds were removed from the 
well plates and kept in the desecrator for 
further analysis as mentioned below.

2.2 Morphological and microstructural 
properties
The microarchitecture of scaffolds was 
 assessed by use of scanning electron micro-
scope (SEM) and mercury intrusion po-
rosimetry (MIP) and the liquid displace-
ment method.

2.2.1 Scanning electron microscope (SEM)
SEM analyses were performed by using 
(Jeol JSM 6301) on a thin piece of scaffold 
sheared from the centre  using a sharp razor 
blade after soaking in liquid nitrogen for 
2 min. Scaffolds were  observed through the 
use of SEM (max. 20 kV) with a gold palla-
dium coating to avoid damage of the poly-
mer, something which can be prominent on 
scaffolds having a very fine microstructure.

2.2.2 Mercury intrusion porosimeter (MIP)
MIP was performed using (PORESIZER 
9320 V2.08) to determine the median pore 
diameter, skeletal density and percent po-
rosity.

2.2.3 Liquid displacement method
Scaffold samples were submerged in cy-
clohexane for 1 h. The volume of a scaffold 
immersed in the fluid is equal to the volume 
of the displaced fluid, and we can calculate 
the porosity from Equation (1):

P / % = [(W1-W3)/ (W2-W3)] x 100  (1)

where W1 is the weight of the scaffold before 
immersion, W2 the weight of the scaffold 
 after immersion and W3 the weight after 
drying. Then, the porosity percentage (P %) 
was calculated.

2.3 Mechanical properties of the prepared 
scaffolds
Fracture mechanics provide the appropriate 
methodology to quantify the fracture resist-
ance of biocomposite scaffolds. Under linear 

Fig. 1 • Schematic 

 diagram for prepara-

tion of scaffold
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elastic conditions, fracture instability is 
reached when the stress intensity of pre- 
existing crack exceeds the fracture tough-
ness, KIc, of the scaffold:

K=Y app ( a)1/2= KIc  (2)

where app is the applied stress, a is the crack 
length, and Y is the function of geometry, 
crack size and shape.
A fracture toughness test was machined 
from semi-circulars discs that have been 
cut from the scaffolds (without drugs). 
 After machining, specimens were dry pol-
ished up to 1200 grit finish. The specimens 
used had a width of R ~ 5.5–9 and a thick-
ness of B ~ 4–7. The initial portion of the 
notch was carefully machined using a slow 
speed saw, with the final portion being in-
troduced through the use of a fine blade 
 under an optical microscope; the length of 
this notch was determined by the following 
equation: a=0.32 (2R), and app was calculat-
ed by using Equation (3):

app =P/2RB  (3)

2.4 Bioactivity 
2.4.1 Phase analysis by x-ray diffraction 
(XRD)
The X-ray diffraction (XRD) technique 
(Philips X’Pert-MPD system with a CuKa 
wavelength of 1.5418 Å) was used to analyze 
the structure of the prepared MB and Ch/
MB composite scaffolds. The diffractometer 
was operated at 40 kV and 30 mA at a 2
range of 10–70 °, with a step size of 0.058/s.

2.4.2 Infrared studies
Fourier transformed infrared analysis  
(FTIR; Nicolet Magna-IR 550 spectrometer, 
Madison, Wisconsin) was performed to 
identify the nature of the chemical bonds 
between atoms. The samples were small 
pellets, of 0.5 cm diameter, obtained by 
pressing the scaffold powder with KBr.

2.4.3 SEM coupled with EDS
The morphology of the surfaces of scaf-
folds was studied by SEM (Jeol JSM 6301). 

This is a technique of morphological analy-
sis based on the principle of electron-mat-
ter inter actions. To allow surface conduc-
tion, the scaffolds were metalized by a gold-
palla dium layer (a few μm thick) before 
 being  introduced into the analysis room. 
Semi-quantitative chemical analysis on 
scaffold surfaces after immersion in SBF, 
covered by gold-palladium layer to allow 
surface conduction, was performed by en-
ergy dispersive spectroscopy (EDS) in Jeol 
JSM 6400.

2.4.4 ICP-OES
The concentrations of Ca, p and Si elements 
after each soaking time in SBF were meas-
ured by using inductively coupled plasma-
optical-emission spectrometry (ICP-OES). 
This method offers high sensitivity, less than 
1μg/g depending on the matrix analyzed 
and offers a high accuracy. The principle is 
based on the determination of the amount 
of each element present in solution by ana-
lyzing the intensity of the radiation emitted 
at the specific elemental frequency after the 
nebulization of atoms.

2.5 In vitro degradation studies
The degradation pattern of the composite 
scaffold was studied in SBF medium at 
37 °C. Groups of scaffolds (three scaffolds in 
each) were immersed in SBF and incubated 
for up to 30 days. After each period of time 
one of the scaffolds was washed twice with 
distilled water to remove any ions adsorbed 
on the surface and was dried. The initial 
weight of the scaffold was noted as Wo and 
the dry weight as Wt. The degradation of 
scaffolds was calculated with Equation (4):

Degradation / % = (Wo – Wt)/Wo × 100  (4)

2.6 Ciprofloxacin release behaviour
Drug incorporation into the scaffolds was 
investigated by means of XRD, FTIR and 
SEM coupled with EDS. 
Phosphate buffer solution (PBS), pH 7.4 
(10 ml), previously heated at 37 °C, was 
added to test tubes containing the freshly 
prepared scaffolds. The tubes were kept at 

37 °C with shaking (50 oscillations min–1) 
and, at pre-established times, 1 ml samples 
of the release medium were taken, and the 
drug concentration was determined spec-
trophotometrically at 277 nm (Jenway 6705 
UV/Vis, UK). The samples were replaced 
with fresh buffer in order to keep the medi-
um at a constant volume. All experiments 
were carried out in triplicate. Ciprofloxacin 
release was monitored for 360 h.

2.6.1 Mechanism of ciprofloxacin release
The Korsmeyer-Peppas model [20] was used 
to find out the mechanism of drug release 
from the scaffolds investigated:

Mt / M = Ktn  (5) 

where Mt / M  is the fraction of drug 
 released at time t, k is the rate constant and 
n is the release exponent of the Korsmeyer–
Peppas model. In the case of quasi-Fickian 
diffusion, the value of n < 0.5, Fickian dif-
fusion n = 0.5, non-Fickian or anomalous 
transport n = 0.5–1.0 and case II transport 
n = 1.0.

3 Results and discussion
3.1 Morphological and microstructural 
properties
The morphology of the prepared scaffolds is 
presented in Fig. 2. It can be observed that 
all the prepared scaffolds have wide range of 
interconnected pores including macro, mi-
cro and nanopores, as was also confirmed by 
a mercury porosimeter. By increasing the 
MB concentration, the pore size in the scaf-
folds also increased. The average pore size of 
the scaffolds fabricated was increased from 
150 ± 5 μm to 170 ± 24 μm by increasing the 
concentration of MB from 0 mass-% to 
66.5 mass-%. The wide range of pores sizes 
for all the scaffolds fabricated with different 
MB concentration indicated that pores in 
all the scaffolds were interconnected and 
seeded cells would be proliferated through-
out the 3D structure of the scaffold. The 
pore size was found to be in the range of 
100–200 μm, suitable for tissue engineering 
applications [18].
Pores are essential for the migration and 
proliferation of the cells, nutrient supply 
and vascularization [19]. The surface of the 
chitosan control scaffold was found to be 
smooth compared to the Ch/MB composite 
scaffold. This may be due to the incorpora-
tion of MB that significantly increases the 
surface area of the scaffolds, further enhanc-
ing the bioactivity of the scaffolds [20, 21]. 
The porosity percentage for the prepared 
scaffolds was determined by MIP and liquid 
displacement methods. There was a slight 

Table1 • Porosity percentage and pore diameter measured by MIP and liquid 
 displacement 

Sample name 
Skeletal  

density / g/ml

Pore diameter 
range (4V/A) 

Porosity / %

μm nm Porosimeter Liquid displacement

Ch 3 % 0.9161 150.07 6 85.91 95

2Ch:1MB 0.9923 163 6 88.12 72.56

1Ch:1MB 2.4470 165.6 11 85.91 67.45

1Ch:2MB 2.9919 177.08 6 84.65 60.84



difference due to the addition of different ratios of the glass con-
tent especially in the MIP measurement, as demonstrated in Table 1.

3.2 Mechanical properties 
The mechanical behaviour of the prepared scaffolds was character-
ized by determining the fracture toughness KIc. Ch alone exhibits 
low fracture toughness, as shown in Fig. 3. In the Ch/MB scaffolds a 
marked change could be observed: as the amount of glass increased 
the fracture toughness increased. Table 1 shows the skeletal density 
of the Ch and Ch/MB composite scaffolds measured by MIP. It was 
also observed that the density of the scaffolds increased with in-
creasing concentration of glass, as reported earlier [22, 23]. A com-
bination of high strength and high toughness could be achieved by 
incorporating microparticles of MB into the Ch matrix. 

3.3 Bioactivity
Figures 4 and 5 represent XRD and FTIR, respectively, of the pre-
pared Ch/MB composite scaffolds with MB and Ch as references be-
fore immersion in SBF. 

Fig. 2 • SEM images for (a) chitosan scaffold, (b) 2Ch:1MB scaffold, (c) 

1Ch:1MB and (d) 1Ch:2MB scaffold with magnifications of X300 and X1000

2

Fig. 3 • Fracture toughness of prepared Ch/MB Scaffolds with reference to  

Ch alon

3

Fig. 4 • XRD of the prepared scaffolds before immersion in SBF with reference 

to MB
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Fig. 5 • FTIR of the prepared scaffolds before immersion in SBF with reference 

to MB
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3.3.1 XRD analysis and FTIR before 
 immersion in SBF
The XRD patterns of pure Ch showed some 
diffraction bands. Hence, it has been identi-
fied as a semi-crystalline structure due to 
the superior concentration of hydroxyl 
groups. On the other hand, XRD studies 
confirmed that the prepared glass generally 
existed in an amorphous state and no dif-
fraction peaks could be observed except a 
broad band between 15° and 40° (2 ) [25]. 
For the Ch/MB scaffold five peaks can be 
noted; at an approximately crystalline peak 
at 2  of 21.23° (001), 26.08° (022), 27.34° 
due to glass polymer combination, 39.59° 
(131), and 47.81° (444). This indicates some 
degree of crystallinity on the biopolymer 
network, which  diminishes with an increase 
of the glass  content. This would be a typical 

XRD pattern for the scaffold showing con-
tribution from all components in the system 
[26].
FTIR before immersion in SBF showed a 
strong interaction between MB and Ch. 
 Vibration bands were observed at 467 and a 
shoulder at 1200 cm–1, which are assigned to 
the Si–O–Si bending mode. The vibration 
band at 1070 cm–1 and a double peak at 607 
and 567cm–1 are due to the stretching vibra-
tion of phosphate groups [25]. The peaks at 
2889 and 1637 cm–1 are attributed to CH 
stretching and C=O bending vibration band 
of Ch. This indicates that Ch is present on 
the surface of scaffold particles [27, 28]. The 
FTIR spectrum of the Ch scaffold shows a 
peak at 1580 cm–1, which corresponds to the 
primary amide groups of chitosan, this peak 
diminishes with increasing glass content. 

The peak at 1030 cm–1, which is attributed 
to phosphate groups, was present in Ch/BG 
scaffold, while the peak at 1070 cm–1 was 
 observed in Ch, which was absent in Ch/BG, 
and was assigned to C–O stretching of chi-
tosan [29].

3.3.2 XRD analysis and FTIR after 
 immersion in SBF
The XRD of the prepared scaffolds after 
soaking in SBF for different time intervals is 
demonstrated in Fig. 6. XRD spectra of  
Ch/MB composite scaffolds showed sharp 
peaks, 25.88°, 31.8°, 39.89° and 46.7° (2 ) 
attributed to 022, 211, 221 and 222 reticular 
planes of HA [30, 31]. The increase in the 
intensity of peaks from 2 days to 30 days was 
indicative of the increase in the deposition 
of HA. It also confirmed that the presence of 
MB increased the deposition of HA on the 
scaffolds [32] (Fig. 6). The IR spectrum of 
synthetic hydroxy apatite was used as refer-
ences to evaluate the structural evolution 
and the bioactivities of the prepared scaf-
folds [33]. After soaking in SBF solution, the 
initial characteristic bands of the Ch/MB 
biocomposite are modified strongly because 
of the interfacial reactions between scaffolds 
and the SBF. Consequently, the spectra of 
these biomaterials reveal new bands as 
 demonstrated in Fig. 7.
In detail, the spectrum of Ch/MB biocom-
posite shows three new, well-defined phos-
phate bands at 565, 603 and 1039 cm–1 after 
2 days of soaking in physiological solution 
for Ch/MB scaffolds. They are assigned to 
stretching vibrations of the PO4

3– group in 
phosphate crystalline phases. This result 
confirms the formation of a calcium phos-
phate layer; this spectrum is quite similar 
to that of hydroxyl apatite except for the 
two bands located at 1620 and 3423 cm–1. 
These bands are characteristic of the pres-
ence of water related to the hygroscopic 
feature of the apatite formed. In addition, 
the carbonate band at 1420 cm–1 is also ob-
served. This band attributes to a stretching 
vibration of the C−O liaisons in carbonate 
groups. The presence of carbonate bands 
indicates the formation of a layer of car-
bonated hydroxyl apatite on the surface of 
Ch/MB biocomposite. The results obtained 
highlight the rapid formation of the apatite 
layer on the surface of the Ch/MB biocom-
posite.
In addition, Ch/MB scaffolds reveal three 
Si–O–Si bands at 470 cm–1 (bending vibra-
tion), 799 cm–1 (bending vibration) and 
1075 cm–1 (stretching vibration). These 
confirm the presence of a silica gel [34]. 
The appearance of apatite mineral and a 
silica gel indicate the interactions between 

Fig. 6 • (a) XRD of 2Ch:1MB, (b) XRD of 1Ch:1MB, 

(c) XRD of 1Ch:2MB – in all cases after soaking in 

SBF
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Fig. 7 • (a) FTIR of 2Ch:1MB, (b) FTIR of 1Ch:1MB, 

(c) FTIR of 1Ch:2MB – all after soaking in SBF

7



the scaffolds and SBF as described by 
Hench et al. [35]. The results obtained con-
firm the  bioactivity of the Ch/MB biocom-
posite. 

3.3.3 SEM with EDS after immersion in SBF
The bioactive character of the composite 
scaffolds was tested in vitro by analyzing the 
ability to form apatite at their surface after 
being immersed in SBF. Two compositions 
of the prepared scaffolds were investigated 
by SEM coupled with EDS (Fig. 8) to evalu-
ate their surface changes after soaking in 
SBF for 21 days. The 1Ch:2MB sample was 
chosen with reference to Ch alone due to the 
high MB content, which induces a much 
better formation of the Ca–P layer on their 
surfaces, as confirmed by XRD and FTIR. A 
marked apatite formation can be seen on 
the surface of Ch/MB scaffolds, which is 
 distributed over their entire surface.
The precipitated layer formed above the en-
tire surface could be identified as calcium 
phosphate once it had formed a dense pre-
cipitate with the typical cauliflower mor-
phology. A close inspection of layer deposits 
in the interior of the material indicated that 
the scaffold could induce calcification be-
yond the surface of the scaffold. The precip-
itated layer also appeared to be well-con-
nected to the biopolymer fraction and tend-
ed to its fibrillar structure. The EDS spectra 
revealed that the elements present in the 
control sample before immersion in SBF 
were those composition of the MB bioactive 
glass beside C, N and O that related to chi-
tosan polymer. The presence of Ca, P, Na 
and Cl elements on the surface of the pre-
pared composite scaffolds were determined 
by EDS. After 21 days of immersion in SBF 
the phosphocalcic ratio Ca/P was nearly 
equal to the stoichiometric apatite [36–41]. 
This study obviously indicates that the MB 
microparticles introduced in the Ch/MB 
scaffold promote the formation in vitro of 
bone-like apatite, which could induce a pos-
itive contact with surrounding tissue after 
implantation in a bone defect. We suggest 
that the osteoconductive properties of the 
scaffold could be more relevant for long-
term implantation. Bone regeneration is 
 expected to follow its own process while Ch 
is progressively degraded.

3.3.4 Evaluation of elemental concentrations 
in SBF
The change of ion concentrations in SBF is 
demonstrated in Fig. 9. For P and Si ions 
they have the same behaviour for all the pre-
pared scaffolds, with little difference in their 
amount in the SBF. This is due to the varia-
tion of MB concentration in the prepared 

Fig. 8 • (a) Ch SEM with EDS, (b) 1Ch:2MB SEM – all after 3 weeks of immersion in SBF
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Fig. 9 • (a) Ca ion concentrations, (b) P ion concentrations, (c) Si ion concentrations – after soaking of 

Ch Scaffolds in SBF at different time intervals
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scaffolds which result in different integra-
tion limit between MB and Ch polymer. The 
ion concentration of Ca was found to be 
completely different for each scaffold com-
position. This is believed to be due to the 
glass content in the scaffolds of the MB 
used, as they in turn change the porosity 
and the degradation rate in the SBF [37–40, 
42–44].

3.4 Degradation
The biodegradation rate of the prepared 
scaffolds was investigated in SBF at different 
time intervals with Ch alone as the control, 
as shown in Fig. 10. The in vitro biodegra-
dation of scaffolds after 1 month of immer-
sion in SBF showed a significant difference 
in the degradation rate of composite scaf-
folds compared to Ch scaffolds. Ch/MB 
composite scaffolds showed a significant 
 decline in the degradation rate compared to 
chitosan scaffolds. Degradation of chitosan 
can result in acidic degradation products, 
which may be neutralized by alkali groups 
leaching out from MB, thus reducing the 
degradation rate [23].

3.5 Ciprofloxacin incorporation
The success of the incorporation of the 
 ciprofloxacin drug into Ch and Ch/MB 
 scaffolds during the preparation procedure 
was confirmed by XRD, FTIR and SEM 
 coupled with EDS.

3.5.1 XRD
XRD confirmed the presence of the cipro-
floxacin drug in the Ch and Ch/MB scaf-
folds as shown in Fig. 11a. Ciprofloxacin has 
specific sharp crystal peaks and Ch has a 
specific broad peak, while a halopattern was 
recorded for Ch/MB loaded with cipro-
floxacin, demonstrating their amorphous 

state. When ciprofloxacin was entrapped in-
to the Ch matrix, its sharp crystal peaks 
overlapped with the noise of the coated pol-
ymer and the disappearing ciprofloxacin 
was completely and successfully entrapped 
into the matrix of the Ch polymer. This in-
dicates that Ch loaded with ciprofloxacin 
shows three identification peaks at 2  of 
12.67°, 20.05° and 25.85° due the presence 
of the drug because of its close molecular 
packing and regular crystallization. Howev-
er, for Ch/MB scaffolds loaded with cipro-
floxacin there are three peaks 11.79°, 21.12° 
and 29.44°, due to the presence of MB parti-
cles [45–49].

3.5.2 FTIR
The ciprofloxacin loaded scaffolds’ FTIR is 
shown in Fig. 11b. The FTIR spectrum of 
ciprofloxacin showed the presence of the 
following bands: at 3098.08 cm–1 due to the 
stretching vibration of the –NH group, at 
1644.98 cm–1 due to the stretching vibration 
of the C=O group in the primary amide and 
at 1593.88 cm–1 due to the bending vibra-
tion of N–H group in the secondary amide. 
The stretching vibration of the O=S=O 

group appeared at 1148.40 cm–1, aromatic 
CH stretching vibration appeared at 
3064.33 cm–1 and the –CH aromatic ring 
bending appeared at 828.277 cm–1. The Ch 
scaffolds loaded with drugs indicated the 
presence of new bands at 3522, 1637, 798.67 
and 1473.52 cm–1 due to the presence of the 
ciprofloxacin drug. These bands were also 
indicated for Ch/MB scaffolds loaded with 
ciprofloxacin, in addition to another two 
bands at 1088 and 463.23 cm–1, with higher 
intensity due to the combination of drugs 
with glass particles in the polymer matrix. 
A shorter band appeared in the region 
1500–1200 cm–1, which was ascribed to the 
hydrated bonds with ciprofloxacin mole-
cules. Another large band assigned to the 
C–O–C stretching vibration occurred be-
tween 1200 and 1030 cm–1, which shifted 
from 1047 cm–1 for scaffolds without drugs 
to 1083 cm–1 for scaffolds with drugs [47–55].
The FTIR spectra indicate that although an 
interaction occurs with both Ch/MB scaf-
folds, this is probably because Ch/MB has a 
greater content of pendant hydroxyl groups 
that are more accessible for establishing 
hydro gen bonds [47]. 

Fig. 10 • Biodegradation rate of the scaffolds prepared in SBF
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Fig. 11 • (a) XRD and 

(b) FT-IR of 1Ch:2MB 

scaffold incorporated 

with 20 % ciprofloxacin
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3.5.3 SEM coupled with EDS
The SEM image of the drug shows a rod 
shape and its EDS indicates the presence of F 
and Cl elements, which are the main compo-
nents of the drug. SEM of the incorporated 
scaffolds with ciprofloxacin indicates of a 
rod shape in the scaffolds [48, 52]; more over, 
the EDS confirms the presence of these ele-
ments. XRD, FTIR and SEM  coupled with 
EDS indicate and confirm the  success of the 
incorporation of ciprofloxacin into Ch and 
Ch/MB scaffolds, as shown in Fig. 12.

3.6 Release behaviour of ciprofloxacin
The release behaviour of ciprofloxacin 
from the prepared scaffolds is presented in 
Figs. 13a and b. A sustained drug release 
profile was observed from the figures in-
vestigated with a quasi-Fickian diffusion 
mechanism (n-values less than 0.5). This 
mechanism indicates that the polymer is 
 hydrated, swells and then the drug diffuses 
through the swollen matrix system, which 
ultimately slows down the kinetic release.
The drug release rate increases with an in-
crease of the drug concentration, which is 
due to the higher difference in drug concen-
tration between the scaffold and the sur-
rounding medium in the PBS solution. In-
corporation of MB into the scaffold matrix 
decreased the ciprofloxacin release due to 
the porosity decreasing by the incorpora-
tion of glass particles into the Ch matrix 
[53–55].

4 Conclusions
In this study, Ch/MB biocomposite scaffolds 
loaded with ciprofloxacin with a well-inter-
connected pore structure were fabricated 
via a freeze-drying technique. The degrada-
tion rate, fracture toughness and physico-
chemical properties of the scaffold prepared 
by freeze-drying for tissue engineering 
could be controlled by controlling the glass 
concentration. The pore size achieved is 
suitable for cell activation and tissue regen-
eration. Drug loaded scaffolds with cipro-
floxacin exhibit a good drug delivery system 
with sustained drug release. The intimate 
interaction between the bioactive glass 46s6 
and chitosan chains has the potential to 
combine bone bonding and bioactive ion 
release and controlled degradation. The re-
sults of controlled release tests showed that 
the amount of ciprofloxacin released de-
creased with an increase in the proportion 
of glass content and increased as the amount 
of drug loaded in the scaffold increased. All 
these results suggest that the Ch/MB com-
posite scaffold can serve as an appropriate 
bioactive matrix for tissue regeneration and 
treatment of osteomylitis.

Fig. 12 • SEM of (a) ciprofloxacin, (b) Ch scaffold loaded with 20 % ciprofloxacin, (c) 1Ch:2MB scaffold 

loaded with 20 % ciprofloxacin
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Fig. 13 • Cumulative ciprofloxacin release of (a) Ch scaffolds in PBS, (b) 1Ch:2MB scaffolds in PBS 
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